In this paper we examine the relationship between emergent social network characteristics in a computer-supported collaborative learning course and locus of control. An emergent communication network of engineering students that took place in a distributed distance learning environment was examined. Three measures of an actor's social network, density, brokerage, and reach, and participants' locus of control, internal vs. external, were assessed. The data suggest that, relative to participants with external locus of control, participants with internal locus of control decreased their network density over time but increased their brokerage and reach. The results are discussed in the context of instrumental action, through which participants are assumed to develop personal networks in pursuit of maximizing potential social capital.
INTRODUCTION
The premise that behavior and action are interpretable only in relation to the positions of actors in social structures underlies much social scientific inquiry. Social structures can be defined as 'persisting patterns of social relationships among social positions' [10] .
The traditional network approach focuses on relationships between actors, rather than on the attributes of actors in different social network positions. Indeed, to the best of our knowledge, very little research has examined individual differences and the consequences these differences have with regard to emergent network properties. This question, however, has become increasingly important as collaborative groups become much more likely to be mediated by communication technology. Although previous studies have focused on distributed collaborative groups [2] , and group histories [17] , few have focused on the implications of individual differences on the characteristics of group participation.
The present study answers a call for research on the origins of network positions and the influence of individual characteristics [5] . Specifically, the network composition of senior undergraduate students participating in a distributed engineering class was examined in the context of locus of control and its role in facilitating social capital. Our central assumption is that social actors that rationally pursue social network contacts should develop social networks that enhance access to social capital.
LITERATURE REVIEW
In the following discussion, social network analytical approaches are first laid out, followed by a description of the notion of social capital and the theory of instrumental action, which we propose is a key guiding theoretical framework from which to approach the study of computer-supported collaborative learning and work groups. Finally, we discuss the concept of locus of control, and its potential role in using social networks to maximize social capital, and the implications for computer-supported collaborative work groups.
Social Network Analysis
In general, the focus of social network studies is on the relationships between social entities. Patterns of relationships are referred to as structure, and structural variables quantify relationships in networks [9] .
Ego Networks
Abstractions of social network structures centered on an individual are known as 'ego centered' networks, and include social relationships of all kinds [14] . In pursuing an egocentric approach to network analysis, the breadth and intensity of social relationships are measured for a group of individuals, resulting in a collection of ego networks, one for each individual studied. Thus, ego refers to a focal actor in a given network [19] . An ego-centric network can also be conceptualized as a representation of an individual's potential sphere of influence. The range of an ego network represents the breadth, or variety of one's social network.
Within ego networks, social relationships differ in contact intensity. Strong tie contacts are characterized by frequent, reciprocal communication, and include resources for social and emotional support.
Often, strong ties constitute relationships with family and close friends. Weak ties, on the other hand, are characterized by infrequent communication, low reciprocity, and a lack of emotional closeness. Granovetter's [7, 8] seminal work on the 'strength of weak ties' suggests that acquaintances (weak ties) could offer an Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. advantage over friends and colleagues (strong ties) in obtaining useful information.
There are at least three useful measures of an ego network: density, reach, and brokerage. The density of a network, in the context of ego-centered networks, focuses on the links that exist among the contacts of ego, or the redundancy of contacts in a network. Wellman [19] used density analysis to examine characteristics of personal networks in urban areas, finding that indeed ego networks covered a wide geographic area. The densest networks were, as expected, composed of kin, or strong ties. While density is a measure of the redundancy of contacts within an ego network, reach indicates an actor's integration, or reach, in a network by identifying the number of actors that are within 2 links of ego (i.e., the number of actors reachable within 2 degrees of separation). Finally, brokerage refers to the frequency that an actor is the only conduit between two other actors. For example, for actors A, B, and C, where A knows B, and B knows C, B is in a brokerage position between A and C. As such, brokerage represents opportunity for control, and thus can be considered beneficial in the pursuit of instrumental action.
Instrumental Action
Lin's [13] theory of instrumental action describes behaviors that seek to achieve a goal that benefits the person taking the action. These behaviors are defined as instrumental in nature, and are restricted to instrumental actions that involve use of a social contact or resource. Resources embedded in social networks are used to maintain or promote an individual's self interest (survival, wealth). Thus, the theory focuses on instrumental action initiated for the purpose of gaining valued resources that reside in a social system (e.g., gaining access to an executive through a secretary).
Lin's theory also predicts that actors occupying certain network positions have greater access to social resources and, therefore, have greater success using resources for instrumental purposes. For example, people high in a hierarchy (determined by status, prestige, power, etc.) are assumed to have greater accessibility and command of resources by virtue of their network characteristics, such as greater range and visibility of the network. Recall, for example, that weak ties tend to lead to better social resources than strong ties [7, 8] . Thus, those network positions that have access to many weak ties should facilitate new and diverse information sources. We refer to these types of resources that are derived from social relationships as social capital [4, 12] .
The question remains, however: are there individual differences that lead certain people to pursue resources embedded in social networks for the purpose of instrumental gain more systematically than others? One possible individual characteristic that may play an important role in this context is locus of control.
Locus of Control
The concept of locus of control suggests that people differ in the degree to which they perceive that they control circumstances affecting their life [6, 1, 18] . In particular, people who are "calculating about their choices, involvements and personal entanglements" tend to have an Internal locus of control [11,p.61] . In general, Internals attribute their accomplishments in life to their own actions. In contrast, those with an external locus of control, believe that outside forces (e.g., luck, powerful others) control their circumstances. For example, externals tend to accept dependency on others more than Internals [16] .
More importantly in the present context, Internals tend to be more active information gatherers than Externals, especially when the information had functional utility [16] . This observation suggests a relationship between locus of control and instrumental action. In particular, people who think they can control things behave as though they can. As such, this personal characteristic, in a naturally emerging (i.e. unstructured) social network, should influence the degree to which people position themselves within a network that facilitates instrumental action. For example, Internals should be associated with actively developing their social networks to enhance their access to social capital. Hence, we would expect that people with different locus of control orientations should develop ego networks with different characteristics.
HYPOTHESES
The ego network indices mentioned above, density, reach, and brokerage, will be used to compare the degree to which Internals and Externals develop their networks in a strategic manner, effectively creating relationships which will maximize their potential to exploit social capital.
With regard to density, which indicates the extent to which an actor's contacts within an ego network know each other, or are redundant, it was expected that over time, Internals' ego density would decrease as they seek out less-redundant and more useful contacts that maximize social capital.
H1. Over time, relative to Externals, Internals' network density will decrease as they pursue network contacts for instrumental gain.
Recall that brokerage refers to the frequency with which an actor connects unrelated actors in a network. Because brokerage affords control over the flow of information and resources within a network, brokerage is indicative of exploitation of network inequality. Because Internals are more likely to seek positions of control, it was hypothesized that Internals would be more likely to develop higher levels of brokerage within their ego network than Externals.
H2. Over time, relative to Externals, Internals should be more likely to occupy high brokerage positions within their network.
Finally, as noted above, an actor's reach among a group of network contacts (i.e. the class) indicates the degree to which an actor can potentially access resources and information in a network. If Internals are more likely to engage in instrumental action in an effort to maximize social capital, Internals should develop greater reach within an emerging network than Externals.
H3. Over time, relative to Externals, Internals should develop greater reach within their network.
METHOD
A total of 63 students (49 male, 14 female) enrolled in two senior-level engineering classes participated in this study. Students were evenly split between two universities, as the class is a part of a larger project investigating distributed, collaborative groups.
Students from both universities attended lectures simultaneously via a codec A/V system, and collaborated with each other on the design of thermal protection systems for a next generation reusable launch vehicle (space shuttle). Social network measures were assessed three times over the course of the semester. At time 1 (t1), students indicated their current friends on a class roster, and the frequency of interaction with those friends. Halfway through the semester, time 2 (t2), and at the end of the semester, time 3 (t3), students again indicated which students they communicated with, and how often, specifically for class project-related purposes. The resultant frequency data were arranged into matrix format, where an "x" in a cell formed by the intersection of row i and column j in the matrix meant that actor i had interacted with actor j for x times. This matrix reflected all of the possible pairings between each student.
Students also completed a survey measuring their locus of control [14] . The questionnaire consisted of forced choice items, and was scored such that higher scores represent more externally-oriented locus of control. Each item consists of a pair of alternatives lettered a or b, and subjects are requested to answer the one they believe most in. An internally oriented choice could be 'in my case, getting what I want has little or nothing to do with luck,' opposed to an externally oriented choice, such as 'we might just as well decide what to do by flipping a coin.' For each externally oriented choice, the response was given a value of 1, so high scores represent external orientation. Chronbach's alpha reliability for the scale was µ=.93.
RESULTS
Social network analyses were completed using Ucinet v.6 [3] . Overall, participants had an average of 6.1 (SD=3.4) contacts at t1, 7.1 (3.5) at t2, and 5.7 (2.2) at t3. Internal and external locus of control scores were determined by median split (= 6), so that students scoring below the median were characterized as internal, and those scoring above the median as external, resulting in 31 internally oriented and 22 externally oriented participants. Due to the small sample size, defining more than two groups of locus of control would substantially reduce statistical power. Ego network density was calculated as the number of ties among an actors ego network divided by the number of pairs, multiplied by 100. A 3 (time 1, time 2, time 3) x 2 (Internal vs. External locus of control) mixed general linear model was conducted on the density variable, with time as a repeated measure and locus of control as a between-subjects measure (see Figure 1) . Although no main effects were observed, the interaction between time and locus of control was significant, F(2,98) = 3.13, p < .05. Planned contrasts revealed that Internals had reliably higher levels of network density at times 1, t(49) = 2.08, p < .04, and at time 2, t(51) = 2.10, p < .05, but not at time 3, t(51) = -.52, ns. Considered together, these data provide support for hypothesis 1. Relative to Externals, Internals decreased their levels of network density over time. Ego network brokerage was calculated by counting the frequency which an actor connected two otherwise unconnected actors. A second 3 x 2 mixed general linear model was conducted on the brokerage variable (see Figure 2) . Ego network reach was calculated by measuring the proportion of network contacts connected to an actor through 2 links, or 2 degrees of separation. A final 3 x 2 mixed general linear model was conducted on the reach variable (see Figure 3) . A main effect of time was observed, F(2,102) = 56.12. Reach levels were higher at time 2 than at time 1, t(62) = -9.39, p < .001, and at time 3, t(62) = 5.14, p < 001, suggesting that, like density, reach was highest at time 2. This main effect, however, was modified by significant interaction between time and locus of control, F(2,102) = 4.50, p < .05. Planned comparisons conducted at each time point revealed that at time 1 Externals and Internals did not reliably differ, t(51) = -.70, ns, but at both time 2, t(51) = 2.11, p < .05, and at time 3, t(51) = 2.69, p < .05, Internals had higher levels of reach than Externals. Considered together, these data provide support for hypothesis 3, which predicted that relative to Externals, Internals would increase their reach within a social network.
DISCUSSION
The objective of this study was to determine if individual differences in locus of control result in structural differences in ego network composition. In general, we expected that Internal's would be more likely to develop ego networks what facilitate the acquisition of social capital than Externals. In particular, Internal's ego networks were expected to be characterized by low density, high frequency of brokerage and a high level of reach among participants.
As predicted, Internals' network density, although significantly higher then externals at the start of the semester, decreased significantly over the course of the semester. Also, as predicted, Internal's brokerage increased significantly relative to Externals. Finally, with regard to reach, although there was not a significant difference at time 1, at both times 2 and 3, Internals exhibited significantly greater reach than Externals. Considered together, these data suggest that Internals were more likely to develop ego networks that maximize access to social capital. Lower ego network density is important because it reflects the degree to which ties are non-redundant, thus diverse sources of resources [8] . Higher brokerage frequencies indicate greater opportunity for control of resources, which also is positively associated with social capital [12] . Internal's greater reach implies that their immediate social contacts are well integrated into the network as a whole, meaning that their exposure to information flowing through the network is high. These three network attributes suggest strategic pursuit of relationships that provide resources aiding instrumental action, or the augmentation of social capital.
It is also important to note that, consistent with previous research [9] , network development peaked at time 2. The drop in brokerage and reach can be attributed to a lack of future interaction at time 3 as the semester came to a close. Although additional research will be required to determine whether Internals ego network compositions actually lead to increased access to social capital, the present study advances our understanding of how individual differences can affect social network structures in distributed, collaborative groups. It appears that actors that believe they control their fate are more likely to actively pursue network contacts for instrumental purposes than people who believe their fate is determined by outside forces. Important questions for future research include identifying other individual differences, such as personality traits, (e.g., conscientiousness), that may also play a role in distributed network structure.
